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S U M M A R Y
Background: Acute diarrhea continues to be an important cause of hospitalization in young children, and
deaths still occur as a result. We reviewed a large cohort of hospitalized children affected by
gastroenteritis. The hypothesis of our study was that clinical characteristics and a limited set of
laboratory data can differentiate between the different causative pathogens of diarrhea.
Methods: A chart reviewwas performed of 650 patients with pathogen-proven diarrhea treated between
April 2005 andMay 2008 in the children’s hospital of the University ofWu¨rzburg. Clinical presentation at
the time of admission and during hospital stay, laboratory ﬁndings, stool pathogen results, and
epidemiological data were collected and compared. A severity score was generated.
Results: Rotavirus was the most common gastroenteritis pathogen identiﬁed, followed by norovirus,
adenovirus and Salmonella spp. Nosocomial infections were caused most commonly by norovirus.
Rotavirus was the most common agent when there was simultaneous detection of two or more viruses.
Rotavirus infections were signiﬁcantly more severe, with a higher frequency of diarrhea and elevated
liver enzymes. Infections due to Salmonella spp showed signiﬁcantly higher values for C-reactive protein,
erythrocyte sedimentation rate, and body temperature. A seasonal distribution was noted, with the peak
for rotaviruses/noroviruses in winter/spring, the peak for adenoviruses in November/December, and the
peak for Salmonella spp in the summer months. Younger children and toddlers had signiﬁcantly higher
gastroenteritis and airway inﬂammation scores. Of note, respiratory symptoms and parameters of
systemic inﬂammation differed between the different pathogens.
Conclusions: Gastroenteritis is a common reason for hospital admission in previously healthy children
during the ﬁrst years of life. Rotaviruses were found to be the most common pathogens in our cohort. On
the basis of clinical and laboratory parameters it appears possible to distinguish between the different
causative agents. This may have implications for hospital hygienemanagement and for the identiﬁcation
of predictive markers of a severe course.
 2011 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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Infectious gastroenteritis is a leading cause of morbidity and
mortality worldwide.1 In Western Europe and other industrial
nations, morbidity and mortality as a result of acute diarrhea have
become less threatening in recent decades. Nevertheless, acute
diarrhea continues to be an important and frequent cause of
hospitalization, with signiﬁcant morbidity, especially in young
children under 5 years of age and in elderly patients (>60 years).2* Corresponding author. Tel.: +49 931 20127728; fax: +49 931 20127649.
E-mail address: Wiegering_V@klinik.uni-wuerzburg.de (V. Wiegering).
1201-9712/$36.00 – see front matter  2011 International Society for Infectious Disea
doi:10.1016/j.ijid.2011.02.006Whereas gastrointestinal infections caused by bacteria and
parasites have decreased in frequency as a result of improvements
in public health infrastructure (water and sewage management),
viral gastroenteritis has not declined in a comparable manner. In
fact, in some national registers an increased incidence has been
noted over recent years.3,4
Several studies have focused on the etiology of infectious
diarrhea in hospitalized children and adults.5 Rotavirus is themost
common cause of infectious diarrhea in children worldwide,
followed by adenovirus and norovirus.6 The clinical manifestations
of viral gastroenteritis include diarrhea, vomiting, fever, anorexia,
headache, abdominal cramps, and myalgia. None of these single
symptoms clearly distinguishes viral gastroenteritis fromdiarrhealses. Published by Elsevier Ltd. All rights reserved.
Table 1
Gastrointestinal and respiratory symptom scores
Modiﬁed gastroenteritis score (Ruuska and Vesikari11)
Points 1 2 3
Duration of diarrhea (in days) 1–4 5 >5
Watery diarrhea (episodes/day) 1–3 4–5 >5
Duration of vomiting (in days) 1 2 >2
Vomiting (episodes/day) 1 2 >2
Highest measured temperature (8C) 37.1–38.4 38.5–38.9 39
Dehydration at admission (%) No 5 >5
Airway inﬂammation score
Rhinitis at admission 1
Pharyngitis at admission 1
Otitis at admission 1
Tonsillitis at admission 1
Pneumonia (diagnosed via X-ray) 1
Antibiotic treatment of respiratory
symptoms during hospital stay
1
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associated ﬁndings, appearance of the stool, seasonal peaks, and
history of exposure may provide clues for distinguishing viral from
other pathogens. In general, bacterial infections have been
reported to be associated with increased age and blood and
mucus in the stool – characteristics usually associated with non-
viral diseases. Rotaviruses have been well characterized in the
periods before and during the introduction of the vaccine.
Epidemiological data exist showing an incidence of approximately
10% of diarrhea episodes that require medical treatment and an
association with a more severe course in childhood. Children with
rotavirus infection have been shown to be more likely to
experience vomiting and high fever (>39 8C) than those with
acute gastroenteritis of other causes.7,8 However, clinical data
regarding gastrointestinal pathogens other than rotaviruses in
childhood and adolescence are rare.
The objective of the present study was to investigate the
etiology and clinical characteristics of acute gastroenteritis in
hospitalized children in a developed country where the common
agents of diarrhea (rotavirus, norovirus, adenovirus, and salmo-
nellae) are detected. Incubation periods, duration of symptoms,
and the percentage of cases experiencing speciﬁc signs and
symptoms are thought to depend on the etiology and could be
speciﬁc.6,9We hypothesized that a clinical score andmeasurement
of severity and signs of respiratory inﬂammation could help to
distinguish between pathogens at an early stage of disease and
might therefore help to optimize patient management, especially
in deciding between hospitalization and ambulatory care. Our
intention was to provide data for recommendations concerning
routine testing panels in this patient group, to guide clinicians in
the rational use of diagnostic methods for enteric pathogens. In
addition, we sought to identify groups at possible risk of a severe
course of diarrhea in order to improve and intensify supportive
therapy.
2. Patients and methods
2.1. Study population
We conducted a systematic search of the diagnosis gastroen-
teritis, unrelated to admission or discharge, in our patient database
for the period April 1, 2005 to May 31, 2008. We identiﬁed 650
patients with acute pathogen-proven gastroenteritis (adenovirus,
norovirus, rotavirus, or salmonellae) among 1157 children
hospitalized with acute gastroenteritis.
Among the 650 patients, 52 children were excluded for
concurrent existence of a chronic underlying disease, such as
malignancy, malnutrition, immunosuppression, or immunodeﬁ-
ciency, documented prior infection of the respiratory tract, and
chronic inﬂammatory bowel disease. Children with rare pathogens
like astroviruses, Shigella spp, Escherichia coli, Cryptosporidium,
and Yersinia spp, which were found less than 10 times in the
observation period, and children with previous operations of the
gastrointestinal tract were also excluded.
The population catchment area of the hospital is around
1055 km2 and covers a population of around 350 000 patients (130
000 in the city and 220 000 in the rural district). The area is well
demarcated, the nearest major cities, Frankfurt and Nu¨rnberg,
being more than 100 km away. These data suggest an incidence of
admitted pediatric gastroenteritis of 117 children/100 000
inhabitants.
2.2. Routine gastroenteritis management
All patients admittedwith diarrhea are routinely categorized by
modiﬁed Ruuska score (Table 1) and have stool samples obtainedfor virological examinations. Microscopic examinations as well as
stool cultures are done in children aged > 6 years, in the summer
time, in the case of foreign travel, and in those who have been
exposed to potential Salmonella-containing food, aswell as in stool
samples with a negative virus screen.
Detection of viruses is performed at the Institute of Virology
and Immunobiology and bacterial and parasitological analyses are
performed at the Institute of Hygiene andMicrobiology, both at the
University of Wu¨rzburg. The same tests were used in all patients.
All patients were tested for rotavirus, norovirus, and adenovirus.
For rotavirus and adenovirus diagnostics, commercial enzyme
immunoassays for antigen detection are used. Norovirus analysis is
performed by polymerase chain reaction (PCR) (modiﬁed from
Teunis et al.10) or by commercial antigen enzyme immunoassays.
Standard bacterial enteric pathogen analysis (stool culture) was
used to detect Salmonella spp, Yersinia spp, Shigella spp, and
Campylobacter spp.
All patients are isolated in 1- or 2-bed hospital rooms. In
principal, two patients are placed into a single room if both have
gastrointestinal symptoms and if the same pathogen is isolated.
Gloves and protective gowns are used by the nurses/physicians
and separately by the patients. Parents and patients (if possible)
are instructed with regard to hygiene and disinfection measures.
Despite these measures, nosocomial infections were noted;
nosocomial infections were deﬁned clinically. These patients were
not admitted with signs of gastroenteritis, but developed them
during the hospitalization. Patients who developed gastroenteritis
within the ﬁrst 48 h of admissionwere considered to have acquired
the infection in the community.
2.3. Data collection
Informed consent for anonymized chart review in retrospective
studies is routinely obtained at admission from all patients.
Two reviewers (VW and JK) independently extracted epidemi-
ological data (e.g., gender, age, underlying disease), clinical
presentation at the time of initial presentation and during hospital
stay, laboratory ﬁndings (e.g., blood gas analysis, base excess,
white blood cell count, serum analysis), and stool pathogen results
by chart review.
The number of diarrheal stools (or diaper changes) and
vomiting are regularly recorded in the patient charts by the nurses.
In order to describe the severity of gastroenteritis, a modiﬁed
gastroenteritis score, as described by Ruuska et al., was calculated
for each patient independently by two of the authors (HG and
VW).11 To describe severity and characteristics of respiratory
symptoms, an airway inﬂammation score was established (Table
1). Pharyngitis, rhinitis, and otitis were diagnosed clinically. Both
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143 male/119 female 
Age: 1.9 ± 1.6 years 
Norovirus 
188 patients/31.4% 
95 male/93 female 
Age: 2.2 ± 1.8 years 
Adenovirus 
58 patients/9.7% 
32 male/26 female 
Age: 1.9 ± 1.0 years 
Salmonella 
47 patients/7.9% 
28 male/19 female 
Age: 6.3 ± 0.4 years 
Several infections 
43 patients/7.2% 
24 male/19 female 
Age: 2.0 ± 0.4 years 
Figure 1. Patient characteristics and distribution: 650 patients with acute gastroenteritis and proof of a pathogen (adenovirus, norovirus, rotavirus, or Salmonella spp) among
1157 children hospitalized with acute gastroenteritis were identiﬁed between April 2005 and May 2008; 598 were ﬁnally selected according to exclusion criteria and were
retrospectively analyzed using a gastrointestinal score and a respiratory score, as well as laboratory data (Table 1) with respect to differences in clinical and laboratory
ﬁndings.
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admission unless mentioned otherwise.
2.4. Statistical analysis
After independent data abstraction, the Student’s t-test was
used for comparative analysis of continuous variables.
For statistical analysis, the inﬂuences of age and gender were
ruled out by exact U-test, Fisher’s test, and Puri-Sen 2-way rank
analysis of variance (ANOVA). To compare the sequence of
measurements between two different pathogens we used Puri-
Sen 2-way rank ANOVA. In all statistical evaluations, a p-value
of < 0.05 was considered signiﬁcant.
For clinical scoring, the nonparametric multivariate differenti-
ation analysis of Dirschedl was used.12 Additionally, we conﬁrmed
this analysis by multivariate receiver operating characteristic
(ROC) analysis. The Chi-square test in respect of Dirschedl analysis
results was signiﬁcant (p < 0.001).
3. Results
3.1. Patient characteristics and pathogen distribution
Between April 1, 2005 and May 31, 2008, 1157 children and
adolescents were treated in hospital for acute gastroenteritis
(Figure 1); 598qualiﬁed for analysis as describedabove (322male,
276 female; age range 22 days to 17.9 years, mean age 2.4 years).
Patients with viral gastroenteritis were signiﬁcantly younger
(mean age of 1.9 years) than those with salmonellosis (mean aged
6.3 years, p < 0.001). The overall numbers of patients increased
over the three study years (341 with 158 patients qualifying for
analysis in 2005–2006, 400 with 200 patients qualifying for
analysis in 2006–2007, and 416 with 240 patients qualifying for
analysis in 2007–2008); this increasewas signiﬁcant between the
ﬁrst and third study year (p < 0.05). The frequency of pathogen
detection also increased (46.3%, 50%, and 57.7%, respectively).
Rotavirus gastroenteritis was the most common cause of
infectious diarrhea, found in 262 patients (43.8%), followed by
norovirus (188 children; 31.4%), adenovirus (58 patients; 9.7%),
and Salmonella spp (47 with salmonellosis; 7.9%: 9 Salmonellatyphimurium, 38 Salmonella enteritidis); in addition, 43 children
were infected with two or more gastroenteritis agents, mainly
with multiple viruses (7.2%) (Figure 1). The most common
infectious agent in these combination infections was rotavirus
(88.4%, n = 38).
The distribution of infections remained stable over the years
(Figure 2A), except for an increase in norovirus infections in the
second study year. With respect to nosocomial infections (n = 84),
we found a predominance of norovirus (n = 47; 56.0%); this was
signiﬁcantly more frequent than the other pathogens (Figure 2B).
Adenovirus (2%) and Salmonella spp (0%) were rarely transmitted
nosocomially. Due to the increased incidence of norovirus
infections in the second study year, a peak of nosocomial infections
was also documented in that year.
During the three study years, seasonal distribution was
observed with the highest incidence of gastroenteritis admissions
between January and April in each year. With regard to the
different pathogens, rotavirus detection showed a peak in March,
norovirus in December, adenovirus in December and March, and
salmonellae were detected most often between August and
October (Figure 2A).
However, we could show an age-dependency for the severity of
gastrointestinal and respiratory symptoms. Patients below the age
of 2 years showed pronounced symptoms (p < 0.001). No
signiﬁcant differences in the frequency and severity were found
between male and female patients.
3.2. Comparison of the clinical appearance of viral and bacterial
gastrointestinal infections
Because of the small number of patients with bacterial
gastroenteritis without salmonellosis, we could only compare
Salmonella gastroenteritis with viral gastroenteritis. By comparing
these we found signiﬁcant differences, as shown in Table 2:
patients with bacterial infections were signiﬁcantly older and had
prolonged gastrointestinal symptoms, and thus had been treated
for longer.
In contrast, viral gastroenteritis presented with a higher
frequency of vomiting and more respiratory symptoms (viral vs.
bacterial, 1.8 vs. 0.6 points; p < 0.001).
[(Figure_2)TD$FIG]
Figure 2. Different distribution patterns of acute gastroenteritis: (A) seasonal distribution of pathogen agents (3 years of study cumulatively analyzed); (B) distribution of
nosocomial and acquired infections among different pathogens (3 years of study cumulatively analyzed); (C) distribution of airway inﬂammation symptoms assessed by otitis
and rhinitis among different pathogens (3 years of study cumulatively analyzed).
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higher inﬂammatory signs (leukocyte count, erythrocyte sedimen-
tation rate (ESR), C-reactive protein (CRP), higher body tempera-
ture). There was no age dependency with regard to respiratory
symptoms in Salmonella-affected patients.
3.3. Comparison of the clinical appearance of the different viral
gastrointestinal infections
3.3.1. Characteristics of rotavirus infection
Rotavirus infections were most frequent and presented the
most severe gastroenteritis symptoms among the viral infections
(gastroenteritis score 13.5  0.2 vs. 11.9  0.2 (all viral infections
without rotavirus); p < 0.001; Table 2). The patients presentedwith a
higher frequency of diarrhea episodes (p < 0.001), higher fever
(p < 0.001), elevated liver enzymes (glutamate pyruvate transami-
nase, p < 0.001), and a more severe acidosis (p < 0.001) along with a
negative base excess (p < 0.001). A longer course of intravenous ﬂuids
was administered (p = 0.005).
In contrast to these ﬁndings, laboratory signs of inﬂammation
(CRP and leukocyte count, p < 0.01) and pulmonary signs ofTable 2
Differences in clinical and laboratory ﬁndings between enteric salmonellosis and viral
Viral gastroenteritis
All viral Rotavirus N
Age (in years) 2.01.2 1.91.6 2
Duration of symptoms at admission (in days) 2.30.01 2.40.1 2
Hospital stay (in days) 4.90.1 4.80.2 4
Infusion therapy (in days) 2.90.1 3.10.1 2
Airway inﬂammation score 1.80.1 1.50.1 1
Gastroenteritis score 12.70.1 13.50.2 1
Duration of diarrhea (in days) 3.40.1 4.10.2 2
Diarrhea events (episodes/day) 3.80.1 4.40.2 3
Duration of vomiting (in days) 2.50.1 2.50.1 2
Vomiting events (episodes/day) 2.60.2 2.40.2 3
C-reactive protein at admission (mg/dl) 1.20.1 0.9 0.2 1
Erythrocyte sedimentation rate after 1 h 150.8 141.1 1
Maximal temperature (8C) 38.40.1 38.70.1 3
a Values are at admission unless stated otherwise; all are mean standard deviationinﬂammation (p < 0.01) were signiﬁcantly lower in rotavirus
infections than in other viral infections.
3.3.2. Characteristics of norovirus and adenovirus infections
Each virus infection had a characteristic clinical picture that
differed from the others. Norovirus infections presented with a
higher frequency of vomiting (p < 0.002; a mean of 3.2 vomiting
events per patient) than the other analyzed infectious gastroin-
testinal pathogens.
Adenovirus infection varied from the other infections with
regard to respiratory symptoms: patients presented with a higher
airway inﬂammation score (p < 0.001; mean 2.7 points, range
between a minimum of 2 and a maximum of 8 points, Figure 2C).
Furthermore adenovirus infection presented the highest CRP
(mean 3.4 mg/dl) and ESR (mean 24 mm/h) values among the
viral infections (p < 0.001).
3.3.3. Characteristics of infections with more than one viral pathogen
Infections with two or more gastroenteritis agents showed no
characteristic clinical signs. Gastroenteritis scores were identical
with norovirus and adenovirus infections, and no combinationsgastrointestinal infectionsa
Salmonella p-Values




.21.8 1.91.0 6.30.4 <0.001 NS
.0 0.1 2.8 0.3 3.20.3 0.01 NS
.8 0.2 4.9 0.4 5.70.4 0.02 NS
.7 0.1 2.6 0.1 3.50.3 0.02 0.005
.8 0.2 2.7 0.3 0.60.3 <0.001 <0.01
1.9 0.2 11.5 0.4 13.4 0.5 NS <0.001
.7 0.2 3.4 0.3 6.10.4 <0.001 <0.001
.2 0.2 3.4 0.4 10.40.5 <0.001 <0.001
.5 0.1 2.1 0.2 0.90.3 <0.001 NS
.2 0.2 1.6 0.3 10.4 <0.001 0.05
.0 0.3 3.4 0.5 6.90.4 <0.001 <0.01
21.4 242.1 272.2 <0.001 NS
7.9 0.2 38.6 0.1 39.4 0.3 <0.001 <0.001

























Figure 3. Multivariate analysis performed to distinguish between the single infectious pathogens of acute gastroenteritis shown as a ﬂow-diagram. Adenoviruses were
identiﬁed by CRP over 2.3 mg/dl and pulmonary symptoms; rotaviruses were identiﬁed by low CRP values (<2.3 mg/dl) and/or elevated transaminases; noroviruses were
identiﬁed by low CRP values (<2.3 mg/dl), a frequency of vomiting more than three times per day, without elevated transaminases. All parameters were measured at
admission (p < 0.001). Clinical parameters to exclude a bacterial pathogenesis might by high CRP without pulmonary symptoms, as well as age at presentation >6 years.
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signiﬁcantly from other single viral infections. The frequency of
vomiting, pulmonary symptoms, and laboratory abnormalities
were dependent on the viruses that were involved.
3.4. Frequency of pulmonary symptoms
With respect to pulmonary symptoms, we found signiﬁcantly
more pulmonary symptoms in patients with viral diarrhea
(p < 0.001). Rhinitis was documented in 41% of patients with
rotavirus infection, in 44% of those with a norovirus infection, and
in 58% of patients with adenoviruses. In contrast, only 9% of
patients with Salmonella presented rhinitis. A similar distribution
could be shown for otitis and pharyngitis.
3.5. Characteristics of nosocomial infections
In a comparison of nosocomial infections with community-
acquired gastroenteritis, we detected more severe scores for
pulmonary symptoms (p < 0.001; mean 3.6  0.3 vs. 1.5  0.2
points), but lower scores for gastrointestinal symptoms (p < 0.001;
mean 9.8  0.2 vs. 13  0.1) in nosocomial infections.
3.6. Clinical differentiation
Because of the signiﬁcant differences reported above, we
carried out nonparametric multivariate differentiation to test the
hypothesis that clinical features and standard laboratory tests
would allow a distinction to be made between the various
pathogens involved. In order to differentiate between bacterial and
viral infections, it appears that CRP values, elevated liver function
tests, vomiting, and the pulmonary score should be taken into
account. In the case of a high CRP (2.3 mg/dl) and a low
pulmonary score (<1 point), salmonellosis (and possibly other
bacterial infections) could be suspected (p < 0.001, > 95% sensi-
tivity and speciﬁcity). In the case of high CRP values (2.3 mg/dl)
and a high respiratory score index (>1 point), adenoviruswasmostprevalent. In order to differentiate between rotavirus and
norovirus infections, elevated liver enzymes (p < 0.001), higher
gastroenteritis score (p < 0.001), and a more negative base excess
(p < 0.001) were suggestive of a rotavirus infection. A signiﬁcantly
higher frequency of vomiting was associated with norovirus
infections (p < 0.001). In the nonparametric multivariate analysis,
the gastroenteritis score was found to be most sensitive (86%) for
rotavirus. Infections with more than one pathogen were excluded
from this analysis.
In addition we performed a multivariate analysis for rotavirus,
norovirus, and adenovirus. The differentiation described above
showed even more pronounced results, with sensitivities and
speciﬁcities over 85% (Figure 3): adenovirus was identiﬁed by CRP
over 2.3 mg/dl and pulmonary symptoms; rotavirus was identiﬁed
by low CRP values (<2.3 mg/dl) and elevated transaminases, and
norovirus by low CRP values (<2.3 mg/dl) and a frequency of
vomiting more than three times per day at the time of admission.
4. Discussion
Infectious gastroenteritis and respiratory infections are com-
mon causes of hospital admission for previously healthy children
during the ﬁrst years of life. However clinical studies on the clinical
characteristics and differences between the common pathogens
are rare. Bacterial and viral gastroenteritis present with different
clinical features. The differentiation of bacterial vs. non-bacterial
and rotavirus vs. non-rotavirus diarrhea appears to be of particular
clinical relevance. Rotavirus infections are known to be more
severe and more often associated with a complicated course.
Features predictive of severity would spare unnecessary referrals
to higher level treatment centers and would improve patient
treatment at health facilities in which virus detection is not
possible. In our large retrospective cohort it appears possible to
differentiate diarrheal agents by clinical and laboratory param-
eters at the time of presentation. Knowledge of the assumed
pathogen might optimize patient treatment, cohorting, and
management settings.
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gastroenteritis-associated mortality is rare in Western Europe, an
increased incidence has been noted in some national registers over
recent years.3,4 By analyzing admission numbers due to gastroen-
teritis at our hospital we were able to conﬁrm that patient
numbers did increase, although severity scores remained stable,
over the years 2005–2008.
With respect to pathogen distribution our results are in
agreement with those of previous studies in which rotavirus has
been found to be the most commonly detected viral agent causing
gastroenteritis in childhood, followed by norovirus and adenovi-
rus.4,6,7,11,13,14 With respect to bacterial gastroenteritis, salmonel-
lae were themost common bacterial pathogens.15 If more than one
pathogen was isolated, the combination of norovirus and rotavirus
was most common, and this is probably attributable to their high
general incidence rates.4
In our large cohort of patients we could conﬁrm previous
analyses and publications on the seasonal distribution of the
various viral pathogens and the one bacterial pathogen genus
analyzed (i.e., Salmonella spp). Even though hospitalizations for
viral gastroenteritis peaked in the wintertime,11,16 the distribution
of the single agents varied. From January to April norovirus and
rotavirus predominated, whereas adenovirus was found mainly in
December, with a second peak inMarch. Bacterial infections due to
salmonellae peaked during the summertime (Figure 2A). This
observation may be dependent on the area studied and climatic
conditions. Wewould not be surprised to ﬁnd differences between
areas.
Even though clinical characteristics have recently been studied
intensively in rotavirus infections in relation to vaccine
trials,8,14,17,18 comparative gastroenteritis studies are lacking in
children. Therefore we examined the clinical spectrum of
gastroenteritis among children admitted to the hospital with
diarrhea and vomiting. Rotavirus infections were associated with a
more severe course in childhood. Severe rotavirus-related mortal-
ity has been reported in younger children in particular.6,8 Clinical
characteristics including diarrhea, vomiting, and isotonic dehy-
dration were conﬁrmed to be more frequent in rotavirus
gastroenteritis than in other viral gastroenteritis, as previously
described.7,8 In addition, younger children and toddlers had
signiﬁcantly higher gastrointestinal and respiratory scores. As
rotavirus infections predominated in young children, age and
rotavirus infection can be presumed to be risk factors for a severe
clinical course.
In clinical settings gastrointestinal symptoms are often
accompanied by signs of respiratory infections. Respiratory
symptoms, such as sore throat, nasal discharge, sneezing, and
coughing have been described in up to 27% of gastroenteritis
patients.19–21 It is often difﬁcult to distinguish between gastroin-
testinal infectionswith concomitant respiratory symptoms and co-
infections. From a clinical point of view it was surprising that
symptoms of a respiratory tract infection were so frequently found
with all viral pathogens. With respect to adenovirus infections
these symptoms are well known and expected. However, in
rotavirus and norovirus infections a signiﬁcant frequency of otitis
(18–20%) and especially rhinitis (40–60%) was also demonstrated
in this study and has not been described yet. Since enteric
salmonellosis did not show such concomitant symptoms, a clinical
distinction between infections due to Salmonella spp and adenovi-
rus infection can be made. Distinction between infections caused
by the various viruses is far more difﬁcult. The use of standard
inﬂammatory parametersmight be helpful in this regard, as shown
in our clinical score.
Gastrointestinal infections acquired in the hospital were
predominantly caused by norovirus and rotavirus. Adenovirus
gastroenteritis was rarely acquired in the hospital, as was also thecase for salmonellae. This has been reported in the literature
before.4,22 For noroviruses, the low infectious doses that are
sufﬁcient to start an infection, result in these viruses being the
most frequently detected nosocomial pathogens in this regard.10
An increased frequency has been reported in recent years,4 which
was also noted in our hospital. In elderly and immunocompro-
mised patients in particular, norovirus infections comprise the
most common gastrointestinal infection with an increasing
incidence.3,23,24 The nosocomial fraction of up to around 20% of
infections in our cohort appears signiﬁcant. At the Children’s
Hospital of the University of Wu¨rzburg we had particular hygiene
instructions in place during the study. Unfortunately the structure
of the ward did not offer personal sanitary facilities in the patient’s
rooms. Patients were isolated in single bedrooms and provided
with mobile toilets. However, their parents had to cross to the
other side of the ward to reach the personal washrooms that had
been reserved and locked for individual family use. Washrooms
were cleaned and disinfected three times a day. Parents had been
educated in hygiene measures at and during admission. Patients
were cared for with examination gloves, protective gowns, and
face masks. Despite these measures, a signiﬁcant incidence of
nosocomial infections was noted.
In addition, lower gastrointestinal and higher respiratory scores
were documented in nosocomial infections. We hypothesize that
this effect could be a bias due to rapid patient management in the
case of gastrointestinal symptoms in the clinical setting. Further-
more, the underlying disease which led to admission, predomi-
nantly airway infections, explains the high respiratory symptoms
score.
Clinical data for gastrointestinal pathogens other than rota-
viruses in childhood and adolescence are rare. According to a
standardized analysis, established score systems were used in our
study to characterize the differences in clinical features.11 With a
combination of two scoring systems, laboratory and clinical
features, it appears possible to distinguish infections caused by
viral pathogens and enteric bacteria, such as salmonellae, prior to
obtaining the results of stool pathogen analysis, with a high
sensitivity and speciﬁcity (Figure 3).
It should be noted that a great number of infections were
excluded from this analysis (infections with unknown pathogens,
as well as infections with less than 10 cases) in order to analyze
exactly deﬁned infections. We therefore cannot completely
exclude a selection bias. Bacterial pathogens in particular were
rare in our cohort and might not represent the complete clinical
spectrum of bacterial gastroenteritis. The use of this clinical score
for all possible infections might therefore be limited. However, the
standard treatment of infectious gastroenteritis does not differ
much by pathogen type. Symptomatic oral or intravenous
rehydration is commonly used. However, we found that the
clinical course and duration of gastroenteritis varied between the
causative pathogens. Therefore, in clinical practice knowledge of a
suspected pathogen might help to optimize patient management,
especially in the decision between hospitalization and ambulatory
care. The use of score systems might optimize and improve
treatment.
The importance of this study might therefore not be in the
differentiation of single pathogens, but in the deﬁnition of features
predictive of severity. High CRP without pulmonary symptoms,
high gastroenteritis score (including high frequency of diarrhea,
fever, low CRP, and elevated transaminases) indicative of rotavirus
infection, and young age lead to a more severe clinical course.
These patients should be monitored more closely and given
priority admission to the hospital.
In conclusion, gastroenteritis is a common cause of hospital
admission in previously healthy children during the ﬁrst years of
life. Rotaviruses are the most common pathogenic agents, with the
V. Wiegering et al. / International Journal of Infectious Diseases 15 (2011) e401–e407 e407most severe course. Among viral types of gastroenteritis, norovirus
diseases differ from those inwhich rotaviruses are involved, having
a higher frequency of vomiting, and adenovirus infections are
found with higher CRP values and more pulmonary symptoms.
Bacterial gastroenteritis, such as enteric salmonellosis, occurs in
older children with high systemic inﬂammatory parameters and
few respiratory symptoms. However, viral gastroenteritis com-
monly occurs with respiratory symptoms for all viral pathogens. A
high fraction of nosocomial infections is caused by noroviruses,
whereas primary co-infections predominantly involve rotaviruses.
Using these parameters it appears possible to distinguish between
diseases caused by the different pathogens included in this study
and to classify the patients according to symptoms and severity
code. Future prospective studies are needed to validate the clinical
importance of our cluster analysis and will determine whether
patient management can be improved.
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